is 1, 2, and 3 atoms in length, respectively.
Introduction
Nanometer-sized contacts (NCs) of noble metals (Au, Ag, and Cu) are typified by the quantized conductance defined by a quantum unit (G 0 =2e 2 /h, where e is the charge of electron and h is Planck's constant), expected as an intriguing peculiarity for functional nanodevices [1, 2] . The conductance of these single-element NCs depends on the atomic configuration. It is believed on the basis of Sharvin's equation that the structure showing the quantum unit corresponds to a possible minimum contact, i.e., a single-atom contact. However, recent classical molecular dynamics simulation with the conductance calculations based on a tight-binding model demonstrates a different relationship; a few structures are associated with the unit conductance [3] . By in situ transmission electron microscopy (TEM), the relationship between structure and conductance can be directly analyzed [4] . In this study, we investigated the relationship for Ag NC by in situ TEM using a feedback control of current conduction.
Experimental method
The experimental method in this study was developed on the basis of in situ high-resolution TEM combined with subnanonewton force measurements, as used in atomic force microscopy (AFM) and electronic conductance measurements, as used in scanning tunneling microscopy [4] . The nanometer-sized Ag tip of a Si microcantilever for AFM was brought into contact with an opposing edge surface of a Ag plate of 5-20 nm in thickness by piezomanipulation while applying a bias voltage of 13 mV between the tip and the plate. The cantilever tip was then retracted to thin the contact. A series of these manipulations was performed inside the TEM at room temperature in a vacuum of 1x10 -5 Pa. The structural dynamics of the process was observed in situ by the lattice imaging of high-resolution TEM using a TV capture system. The force applied between the tip and the plate was simultaneously measured by optical detection of the cantilever deflection. The electrical conductance was measured using a two-terminal method. The high-resolution imaging and signal detection in this system were simultaneously recorded and analyzed for every image frame using our own software. Figure 1 shows a histogram of observed conductance values of Ag NCs. The distance between the tip and the plate was controlled by the current feedback system to maintain conductance at 1.0G 0 . The duration time for one count in Fig. 1 is 1/480 s. This histogram shows that the present feedback system functions adequately for NCs. is observed in the middle of each frame. The width at the minimum cross-sectional area for Figs. 2(a)-2(c) was 1-3 atoms in length, respectively. Regardless of the area, the forces acting on these NCs were 0.9-1.3 nN. When the conductance is 2G 0 and 3G 0 , the width at the minimum cross-sectional area was 1-4 and 2-5 atoms in length, respectively, and the forces were 2.2 nN and 4.5 nN, respectively. Figure 3 shows the distribution of the number of atoms at the minimum cross-sectional areas of Ag NCs with conductances of 1G 0 , 2G 0 , and 3G 0 . This indicates that NCs with various cross-sectional areas show a quantized conductance values. Figure 4 shows the histogram of force values measured for Ag NCs showing a conductance of 1.0G 0 . Three peaks appear at 0.4, 1.1, and 2.2 nN. This also implies the same relationship between the cross-sectional area and conductance; the 1.0G 0 is caused by several structures.
Results and Discussion

Conclusion
We investigated the relationships between the structure and the conductance of Ag NC by in situ TEM with a current feedback system. It was found that a quantized conductance lower than a few G 0 is caused by NCs with several minimum cross-sectional areas. To modulate the conductance of NCs, it is essential that the convergent angle, point defects and strain are controlled in addition to the minimum cross-sectional areas.
